Prospective studies have shown a relationship between hyperinsulinaemia, an indirect index of insulin resistance, and IHD in men with normal glucose tolerance. In NIDDM this association is less clear possibly due to the poor significance of insulin and Cpeptide concentrations as an index of insulin resistance. Therefore, only a direct measurement of insulin sensitivity could clarify the possible relationship between insulin resistance and IHD in NIDDM. We have evaluated insulin sensitivity, by means of an ITT, and some risk factors for IHD in 72men with NIDDM, 36 with and 36 without IHD, attending our out-patient Diabetic Clinic. The two groups were of similar age, duration of diabetes, glycaemic control and body composition. Subjects with IHD were more insulin resistant (K~Tr index 2.45 _+ 0.18 vs 3.12 _+ 0.13 % per rain, in patients with and without IHD, respectively, p < 0.004), had higher total (p = 0.011) and LDL serum cholesterol levels (p = 0.010) and greater prevalence of hypertension (p = 0.001) compared to subjects without IHD. Using step-wise logistic regression analysis, insulin resistance (odds ratio 2.57, 95 % CI 1.87-3.28, p = 0.008), hypertension (odds ratio 8.17, 95 To CI 6.86-9.48, p = 0.002), total serum cholesterol levels (odds ratio 1.02, 95 To CI 1.005-1.035, p = 0.015) and BMI (0.79, 95 % CI 0.67-0.97, p --0.049) were independently associated with IHD. After adjustment for age and duration of diabetes, only insulin sensitivity was directly related to the age of onset of IHD, independently from other clinical and metabolic parameters (p < 0.015). In conclusion: in NIDDM, patients with IHD are more insulin resistant compared to subjects without IHD. Insulin resistance is associated with IHD, independently from other cardiovascular risk factors. A higher insulin resistance seems to be related to an earlier clinical onset of IHD. [Diabetologia (1994) Abbreviations: NIDDM, non-insulin-dependent diabetes mellitus; IHD, ischaemic heart disease; ITT, insulin tolerance test; CI, confidence interval; ACE, angiotensin-converting-enzyme pendent relationship between hyperinsulinaemia or higher C-peptide serum levels and IHD [9] [10] [11] , whereas others have failed to demonstrate this [12] [13] [14] or reported controversial results [8] . A study performed on patients with NIDDM demonstrated that a lower rate constant of glucose disappearance [Ka] following an intravenous glucose tolerance test, was related to a greater mortality rate in the presence of similar fasting plasma insulin levels, which suggests a higher insulin resistance in subjects who subsequently died [15] .
pendent relationship between hyperinsulinaemia or higher C-peptide serum levels and IHD [9] [10] [11] , whereas others have failed to demonstrate this [12] [13] [14] or reported controversial results [8] . A study performed on patients with NIDDM demonstrated that a lower rate constant of glucose disappearance [Ka] following an intravenous glucose tolerance test, was related to a greater mortality rate in the presence of similar fasting plasma insulin levels, which suggests a higher insulin resistance in subjects who subsequently died [15] .
Since hyperinsulinaemia is an index of insulin resistance, these studies suggest a role for the hpyerinsulinaemia/insulin resistance association as a predictor of IHD, at least in non-diabetic subjects. However, the degree of insulin resistance is not clearly evidenced by the serum insulin or C-peptide concentration, especially in NIDDM [16] . In fact, the impaired beta-cell response to hyperglycaemia, which characterises NIDDM [17, 18] , reduces the significance of serum insulin or C-peptide levels as an index of insulin resistance. Therefore, only a direct evaluation of insulin sensitivity could clarify the relationship between insulin resistance and IHD, both in normal and, especially, in NIDDM patients.
Our aim was to assess whether NIDDM patients with IHD are more insulin resistant compared to patients without IHD. To evaluate the insulin sensitivity we used the ITT, a simple and inexpensive method, useful for epidemiological studies and for routine evaluation of insulin sensitivity in humans. This test shows a strong correlation with the gold standard technique of insulin sensitivity measurement, i.e. the euglycaemic, hyperinsulinaemic clamp [19] [20] [21] .
Subjects and methods

Subjects
ing this time period they were asked to collect two 24-h urine samples, which were then brought to the diabetic clinic. The volume was measured and aliquots immediately frozen at -20 ~ until analysed. The presence of urinary tract infection was excluded by clinical criteria and by examination of the urinary sediment. Oral antidiabetic agents were withdrawn at least 36 h before the ITT to avoid any residual effect altering the steady-state of the plasma blood glucose level before the ITT. For the same reason, both long-acting and regular insulin were withdrawn at least 36 and 12 h, respectively, before the ITT. Cardiovascular drug therapy was interrupted 12-14 h before testing. Three patients with IHD and two without withdrew between recruitment and the ITT. Their clinical features did not differ from the remaining patients.
ITT was performed at 08.00 hours, in the postabsorptive state. Blood samples were collected at -30, -15 and -1 min to confirm the glycaemia steady state and to measure serum insulin and C-peptide levels. At 0 min, an i.v. bolus of regular insulin (0.1 IU/kg of body weight) was infused and blood samples were obtained at 3, 6, 9, 12, 15, 18, 24, 30 rain. The samples were collected in tubes containing EDTA and NaF and centrifuged for the immediate determination of plasma blood glucose levels. At the end of ITT, or in the presence of any hypoglycaemic symptom, 20 ml 33 % glucose solution followed by a continuous 30-min infusion of a 5 % glucose solution were administered i. v.
Seventy-two male out-patients with NIDDM (National Diabetes Data Group criteria) [22] , 36 with and 36 without IHD, were studied. All the patients were attending our diabetic clinic and were recruited between October 1991 to January 1992, during a control visit. Subjects who were more than 75 years of age, had signs of cardiac failure, proteinuria or renal failure, liver diseases and other chronic or intercurrent illnesses were excluded. Subjects who exercised regularly or performed any other rigorous physical activity, who showed weight fluctuation or consumed more than 80 g alcohol per day or hypolipaemic drugs in the previous 3 months were also excluded. Subjects who had suffered myocardial infarction or who had undergone coronary angioplastic or by-pass surgery in the previous 6 months were not studied to avoid a possible influence of the therapeutic physical inactivity on insulin sensitivity.
All subjects with IHD fulfilling the selection criteria and a control group of patients without IHD were studied. All subjects were following a diet for diabetic patients composed of approximately 45 % carbohydrates, 20 % proteins and 35 % lipids. Patients were informed about the purpose of the study and gave their informed consent to the procedure which was performed according to the Declaration of Helsinki and with the local ethical committee approval.
Experimental protocol
To determine eligibility, medical history, physical examination and a 12-lead ECG were performed. A fasting blood sample for measurement of lipids, creatinine, potassium and HbA~c measurements was collected.
The systolic (first phase) and diastolic (fifth phase) blood pressure was measured to the nearest 2 mmHg using a standard sphygmomanometer by a single, trained examiner, at least 12 h after the last dose of any cardiovascular agent. After a 10-rain rest measurements were taken three times, with the patient in the supine position. The mean of the last two measurements was considered. Subjects who fulfilled the recruitment criteria were asked to participate in an intravenous ITT within 2 weeks. Dur-
Analytical rnethods
Body mass index (BMI) was calculated as weight (in kg) divided by height (in m2). Fat distribution was evaluated using the waist to hip ratio. Measurements of the waist at the smallest abdominal circumference and of the hip at the largest gluteal circumference were taken to the nearest 0.5 cm [23] . Body composition was calculated from height and weight according to Hume's method [24] . Hypertension was defined on the basis of the World Health Organization criteria (systolic and/or diastolic blood pressure >160mmHg and >95 mmHg, or the current consumption of a hypotensive drug). Microalbuminuria was defined if the average of the two 24-h urinary albumin excretion measurements was greater than 30 mg [25] . Smoking habits, past and present, were categorized as smoking more or less than 20 cigarettes per day, or having never smoked. Daily alcohol intake was stratified as either more or less than 40 g, or no intake, assuming that the amount of alcohol in a glass of wine is 10.8 g, in a bottle of beer (0.33 litre) 12.8 g, in a measure of spirits 15.1 g [26] . Hypotensive therapy was grouped as possibly ameliorating (ACE inhibitors and peripheral alpha blockers) or worsening (beta blockers and thiazide diuretics) or having no effect (others) on insulin sensitivity [27] . Antidiabetic therapy was categorized as insulin, insulin plus oral hypoglycaemic agents, sulphonylurea and/or biguanide agents, and diet only treatment. IHD was diagnosed using at least one or more of the following criteria: Rose Questionnaire [28] , ECG at rest (Minnesota Code 1.1-1.3, 4.1-4.4, 5.1-5.3, 7.1) [29] , echocardiography (presence of regional wall motion abnormalities) coronary angiography (50% or greater narrowing of one of the principal coronary arteries, at least in two projections), percutaneous transluminal coronary angioplasty or coronary by-pass surgery. In the control subjects IHD was excluded by the Rose Questionnaire and ECG at rest (Minnesota Code criteria).
Plasma glucose was measured in triplicate with the glucose oxidase method [Beckmam Glucose Analyzer; Beckman, Fullerton, Calif., USA]. The intra-assay and inter-assay coefficients of variation of glycaemia were less than 1.2 % and less than 1.5%, respectively. Serum total cholesterol and triglycerides were measured enzymatically (coefficients of variation intraand inter-assay 1.7 % and 2.2 % for cholesterol, 2.1% and 2.8 % for triglycerides, respectively). HDL cholesterol was measured enzymatically after precipitation of the other lipoproteins (coefficients of variation intra-and inter-assay 2.7 % and 3.1%, respectively). LDL cholesterol was calculated using the Friedwald formula only if triglyceride levels were less than 45.2 mmol/1 [30] . Creatinine was measured using the Jaff6 method (coefficients of variation intra-and inter-assay 2.5 % and 3.2%, respectively). Potassium was measured by an indirect potentiometric method (coefficients of variation intra-and inter-assay 1.3 % and 3.3 %, respectively). HbAlc was determined by ion exchange automatized chromatography (coefficients of variation intra-and interassay 1.1 and 1.2 %, respectively, normal value < 5.3 %). C-peptide was determined by radioimmunoassay [31] (RfA-coat CPeptide; Byk-Sangtec Diagnostica, Dietzenbach, Germany, coefficients of variation intra-and inter-assay 6 % and 10 %, respectively). Insulin was measured by enzyme immunoassay (Medgenix-Ins-Easi; Medgenix Diagnostics, Brussels, Belgium, coefficients of variation intra-and inter-assay of 7 % and 11%, respectively) [32] . Albuminuria was measured by radioimmunoassay (Diagnostic Products Corporation, Los Angeles, Calif., USA, coefficients of variation intra-and inter-assay 5 % and 10 %, respectively) [33] . The ITT's K index (KtTT) of insulin sensitivity was calculated as previously described [20] . Briefly, the K value was the ratio between 0.693 and t~a, where tl/2 is the time necessary to reduce the glycaemic value by one half at -1 min. T1/2 was calculated from the slope of least square analysis of the glycaemic concentrations, starting at the 3rd rain until the 15th min after i. v. insulin injection. ITT was reproducible in eight NIDDM subjects on whom the test was performed twice within 2 weeks. The mean KITT values ( -+ SEM) were 2.83 + 0.26 and 2.89 _+ 0.35 % per min with a coefficient of variation of 6 _+ 2 %.
Statistical analysis
Triglycerides and serum insulin levels were log transformed for their skewed distribution before analysis, and then reconverted for data presentation. Two-tailed Student's t-test for unpaired data was utilized to compare the two groups for the continuous variables. Two-way analysis of variance for repeated measures was used to compare basal glycaemic plasma levels between the two groups. Chi-square with Yates correction was used to compare the two groups for discrete variables.
Step-wise logistic regression analysis was performed to evidence the features independently related to IHD. A forward step-wise selection criterium was chosen, with a cut-off level of significance of 0.05, to enter in the model. The likelihood-ratio test was used for determining variables to be removed from the model, with a cut-off value of 0.1. In this analysis the negative of the KIT T values were used to evidence a direct relation with the insulin resistance level. 
Results
Patients with and without 1HD could be matched for age (within 6 years) and for known duration of diabetes (within 5 years, with four exceptions) ( Table 1) . Moreover, the two groups showed similar BMI, body composition, alcohol intake, type of hypoglycaemic therapy, glycaemic control and plasma potassium levels, whereas more patients with IHD were taking antihypertensive drugs (p < 0.001), in particular beta blockers or thiazide diuretics or both (Table 1) . Glycaemia was in the steady state during the 30 min before ITT and similar values were observed between the two groups ( -30 min: 9.7 + 0.5 and 9.8 + 0.4 mmol/1; -15 rain: 9.5 + 0.5 and 9.8 + 0.4 mmol/1; -1 min: 9.6 + 0.5 and 9.8 + 0.4 mmol/1, subjects with and without IHD, respectively). No patient had to interrupt the ITT due to hypoglycaemic symptoms. With respect to subjects without IHD, patients with IHD showed a lower K~rr index of insulin sensitivity (2.45 + 0.18 vs 3.12 + 0.13 % per min, p < 0.004) (Fig. 1 , Table 2 ) and a lower percent glycaemic decrement after insulin infusion as compared with basal values, with a statistical significance starting from as early as 9 min and increasing until 30min (p <0.05-0.001) (Fig. 2) . Total (p = 0.011) and LDL (p = 0.010) serum cholesterol levels, the latter calculated with the Friedwald formula (in all but one patient due to triglyceride plasma levels greater than 45.2 mmol/1), were also higher in the IHD group. No significant differences were found for insulin, C-peptide, triglycerides (p = 0.09), HDL cholesterol and creatinine serum concentrations, and waist to hip ratio (Table 2) . Systolic and diastolic blood pressure were not different between the two groups (Table 2) . However, the prevalence of hypertension was higher in patients with IHD compared to patients without IHD (p=0.001) ( Table 2) , since more patients with IHD were undergoing antihypertensive therapy (p < 0.001) ( Table 1) .
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Although the prevalence of microalbuminuria was two-fold higher in the group with IHD (36 % vs 19 %), the difference was not statistically significant due to the small number of microalbuminuric patients in both groups (p = 0.11) ( Table 2) . Smoking habits were similar in the two groups (Table 2) . Step-wise logistic regression analysis was performed to assess if the lower insulin sensitivity characterizing the patients with IHD was a feature independent from other possible confounding factors. The following independent variables, as possible risk factors or markers of IHD, were included in the model: age, duration of diabetes, HbAlc, BMI, waist to hip ratio, total and HDL cholesterol, triglycerides, K~Tr index of insulin sensitivity, insulin, C-peptide and creatinine as continuous variables; hypertension, microalbuminuria, smoking habits, alcohol consumption, type of hypotensive and hypoglycaemic therapy as discrete variables. Only insulin resistance, represented by the KITr index, (p =0.008), hypertension (p =0.002), higher total serum cholesterol levels (p = 0.015) and a lower BMI (p = 0.049) were independently associated with IHD (Table 3) . When the type of hypotensive therapy was forced in the model, only insulin resistance, hypertension and total cholesterol remained independently related to IHD (p < 0.02), BMI achieving only a borderline significance (p = 0.058). When all variables were entered simultaneously, only insulin resistance (p =0.023) and hypertension (p =0.034) remained independently related to IHD, total cholesterol and BMI revealing borderline significance (p = 0.09 and p = 0.11, respectively).
To directly evaluate the possible influence of beta blockers and/or thiazide diuretics on insulin sensitivity, patients taking these drugs were excluded from both groups. KITT index remained significantly lower in IHD patients and showed values similar to those of each group as a whole (2.54 + 0.23 vs 3.10 + 0.14 % per min, patients with and without IHD, respectively, p = 0.033).
Finally, we used the multiple linear regression analysis to explore the possibility of any relationship between certain metabolic features and the age of the clinical onset of IHD (54 + 2 years). From the analysis three patients diagnosed only by ECG at rest were excluded, whose age at IHD onset could not be determined by subjective symptoms. Blood pressure was also excluded from the independent variables, since almost all the remaining patients were on antihypertensive therapy (27 of 33 patients, 82 % ). After adjustment for age and duration of diabetes, KITT index was the only metabolic feature related to the age of clinical onset of IHD (p = 0.006). No significant relationship was found with BMI, waist to hip ratio, total and HDL cholesterol, triglycerides, C-peptide and serum insulin
Discussion
Our study demonstrates, for the first time, employing a direct measurement of insulin sensitivity, that NIDDM patients with IHD are more insulin resistant than NIDDM patients without IHD. The different insulin sensitivity cannot be accounted for by age, duration of diabetes, BMI or composition, glycaemic control, serum potassium, alcohol intake or hypoglycaemic therapy, because these features were similar in the two groups. Body composition was evaluated by means of an indirect method; however, lean body mass, calculated using Hume's formula, shows a highly significant correlation with that derived from measurement of total body water, especially in men [24] . Moreover, even if our indirect evaluation of body fat should not correspond exactly to the real value, we do not believe that it could differ so much as to shift the actualp value into the statistical significance range. The amount of physical activity was not precisely quantified and, therefore, a difference between the two groups could not be excluded; however, several points suggest that this is unlikely; in fact, no subject in either group had a job involving heavy physical duties, nor did they exercise regularly. Furthermore, the study was performed at least 6 months after the onset of myocardial infarction or angioplastic or by-pass surgery when all IHD patients had returned to their usual activities, with no patient suffering from unstable angina or stable angina at low threshold. Finally, three clinical features significantly related to the level of physical activity, i. e. HDL cholesterol, waist to hip ratio and percent of body fat [34, 35] , were similar in the two groups. The only difference was the higher prevalence of hypotensive therapy in patients with IHD. However, both the multivariate analysis and the direct exclusion of subjects taking beta blockers and/or thiazide diuretics confirm the different response to insulin by the two groups.
Since the criteria for the identification of IHD were more restrictive than those used to exclude the disease, some misclassification of subjects without IHD could have occurred. However, the failed identification of IHD in some control subjects would result in an underestimation of both the difference noticed between the two groups and the odds ratio of the logistic regression analysis. This could explain, for instance, the low odds ratio of total cholesterol. However, it should be kept in mind that several studies in NIDDM did not show an indepedent association between cholesterol and IHD at the multivariate analysis [36] . Finally, our study agrees with recent reports showing a greater insulin resistance in non-diabetic patients with peripheral asymptomatic atherosclerosis [37] , ischaemic ECG changes [38] , angiographic diagnosis of IHD [39] , microvascular angina [40] compared to normal subjects, as well as in insulindependent diabetic patients who died of cardiovascular diseases compared to those who survived [41] .
To evaluate insulin sensitivity we used the ITT, with the modification suggested by Bonora et al. [20] . Even if this test is not the "gold standard" method to measure insulin sensitivity, the rate of glycaemic decrement after i. v. insulin injection shows a high correlation with the insulin-mediated glucose disposal measured during a euglycaemic-hyperinsulinaemic clamp [19] [20] [21] . Moreover, the test was reproducible both by our group and others [20, 21, 42] . Therefore, we believe that it could be useful for epidemiologicaI studies and for a routine measurement of insulin sensitivity.
The step-wise multiple logistic regression analysis shows an independent relationship between insulin resistance and IHD. Moreover, analysing the age of the clinical onset of IHD and the actual levels of some metabolic features we found a positive, independent relationship between KITr and the age of onset of IHD. Although these data suggest an independent association between insulin resistance and IHD, this possibility should be considered with caution. In fact, other IHD risk factors, possibly explaining the association between insulin resistance and IHD, i.e. clotting factors [43] , were not evaluated. Furthermore, the good glycaemic control showed by our patients could have partially corrected other metabolic alterations usually associated in the insulin resistance syndrome, i. e. triglycerides and HDL-cholesterol [44, 45] . Finally, and most important, the cross-sectional design of our study does not enable us to establish a time-relationship between insulin resistance and both IHD and other cardiovascular risk factors or markers. For instance, in the prediabetic state, insulin resistance is balanced by higher serum insulin levels, that progressively decline with the development of the diabetic disease [46] . Therefore, before the onset of NIDDM, IHD patients could have been exposed to higher insulin levels than subjects without IHD, thus favouring the subsequent development of IHD [47] . However, since the link between hyperinsulinaemia and insulin resistance is broken at the appearance of NIDDM, only the degree of insulin resistance could be an index of the past hyperinsulinaemia and a marker of the presence of IHD and, possibly, of a greater probability of its onset. Nevertheless, our results are the first direct evidence of the possible extension of the role of insulin resistance not only as a factor promoting the development of NIDDM [46] but also as a marker of its more important complication, the macrovascular disease, and in particular IHD.
Patients with NIDDM show a 2-4 fold increase in the prevalence of IHD compared to non-diabetic sub-jects [48, 49] and this difference is not completely accounted for by the alteration of the conventional cardiovascular risk factors [48, 50] . A common metabolic defect in NIDDM is the presence of insulin resistance [17] , which seems to be the primum movens of the natural course of the disease [46] . Bearing this in mind, our results suggest a contribution by insulin resistance to explain, at least in part, both the gap between the observed and the expected cardiovascular events on the basis of the conventional atherogenic risk factors, and the higher incidence of cardiovascular disease in NIDDM patients compared to non-diabetic subjects.
In conclusion, in NIDDM, patients with IHD are more insulin resistant than patients without IHD and this difference seems independent from other cardiovascular risk factors. However, prospective studies, involving a population with a high risk of developing NIDDM, need to confirm our results and to define the time-relationship and the effect of insulin resistance on other cardiovascular risk factors and on cardiovascular disease.
